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Background o£ the Invention 

Field of the Invention 

[02] This invention relates to a novel metalloprotease liaving an 

aggrecanase activity and causing joint diseases (to be referred to 
as "joint disease aggrecanase" hereinafter) , a gene coding for 
this "joint disease aggrecanase",' a method for producing the 
"joint disease aggrecanase", a method for screening a substance 
capable of inhibiting the aggrecanase activity with the use of the 
"joint disease aggrecanase", a pharmaceutical conposition for 
inhibiting degradation of proteoglycans, vdiich conprises the 
substance capable of inhibiting the aggrecanase activity as the 
active ingredient, and a promoter gene of the "joint disease 
aggrecanase" . 

Description of the Related Art 

[03] Joint diseases ,are diseases which show damage and 



degeneration of joint cartilage as the main morbid states. Though 
a disease having the most frequent number of patients among joint 
diseases is osteoarthritis (OA) , analgesic anti-inflammatory drugs 
and hyaluronic acid preparations are \ased in the current 
therapeutic method merely as a syrtptomatic therapy for the purpose 
of alleviating pains acconpanied by the degeneration of cartilage 
and the destruction ot hon^ under cartilage, so that it cannot be 
said that they are exerting sufficient therapeutic effects. 
[04] Joint cartilage is a tissue mainly composed of type II 

collagen and aggrecan viiich is a cartilage-specific proteoglycan, 
and degradation and degeneration of both of them are observed in 
the joint diseases. Because of this, it has been considered for a 
long time that control of the degradation and degeneration of 
these extracellular matrix conponents would lead to the treatment 
of joint diseases, so that attempts have been positively made to 
identify degradation-coricemed proteases (collagenase and 
aggrecanase) and to scfe^ their inhibitors and develop them as 
medicaments . 

[05] As proteases liaving collagenase activities, matrix 

metal lopro teases (MMPl, MMP8, MMPIS, and the lilce) have been 

identified, and their selective inhibitors have iDeen discovered. 
However, in spite of the attertpts to develop a large number of MMP 
inhibitors liaving collagenase inhibition activities as therapeutic 
drugs for joint diseases including OA and rheumatic arttiritis (RA) , 
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MMP inhibitors to be used in these diseases as the indication have 
not been put on the market. Under such circumstances, attention 
has been directed tov\ard aggrecanase which selectively degrades 
aggrecan v\?hich is another main constituting coitponent of joint 
cartilage. 

[06] A joint disease-related role of an enzyme aggrecanase vdiich 

cleaves aggrecan at the site between Glu^^-^-Ala^^^ has been revealed 
by the reports of Sandy at ai. and Lohmander et al. stating that 
all of the main digested, aggrecan fragments found in the synovial 
fluid of human arthritis^ ^patients were generated by cleaving at 
the aggrecanase digestion site (Sandy J.D. et al., J. Clin. 
Invest., 89, 1512 - 1516, 1992; Lohmander L.S. et al., Arthritis 
Fhevm., 36, 1214 - 1222, 1993). On the other hand, it has been 
known that, in an in vitro explant culture system of joint 
cartilage, degradation of aggrecan firstly occurs by IL-1 
induction and then degradation of type II collagen is accelerated 
(Dingle L.T. et al., Ann. Rheum. Dis., 34, 303 - 311, 1975; 
Cawston T.E. et al., Bioch&n. Biophys. Res. Comm., 215, 377 - 385, 
1995; Kozaci L.D. et al. , Arthritis Rheum. , 40, 164 - 174, 1997). 
It has been reported tiiat the aggrecan degradation takes the 
precedence of the type II collagen degradation in a mouse 
arthritis model too (van Meurs J.B. et al., Arthritis Rheum., 42, 
1128 - 1139, 1999) . These reports suggest a possibility that the 
type II collagen degradation can be controlled by inhibiting the 
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preceding aggrecan degraciation. 
[07] However, the entity of the aggrecanase which causes joint 

diseases ("joint disease^ aggrecanase" ) has been unclear for long 
time, though its biochemical properties had been elucidated, 
namely it is a metalloprotease, it exists in outside of cells, a 
glycosaminoglycan side chain is concerned in its substrate 
recognition, its activity is induced by IL-1, TNF and retinoic 
acid, and the like. Recently, ADAMTS4 ( aggrecanase- 1: Tortorella 
M.D. at ai.. Science, 284, 1664 - 1666, 1999) and ADAMTSll 
(aggrecanase-2 : Abbaszade I. et al., J". Biol. Chem. , 274, 23443 - 
23450, 1999) have been reported as proteases having an aggrecanase 
activity. However, it was revealed that they are not the "joint 
disease aggrecanase",' because' their gene expression in human OA 
cartilage is not increased, and their gene expression in an in 
vitro expldocit cultiore system of human knee joint cartilage is not 
induced by IL-1, TNF and retinoic acid v*iich induce the 
aggrecanase activity that causes joint diseases (Flannery C.R. et 
al., Biochem. Biophys. Res. Carimun., 260, 318 - 322, 1999). As 
described above, the ''joint disease aggrecanase" has not been 
obtained. 

Brie£ Summaxy of the Invention 

[08] Under such circxjmstances, the present inventors have 

conducted intensive studies and, as a result, succeeded in 
isolating a gene coding for a novel metalloprotease having the 
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aggrecanase activity, v\*aich is the ''joint disease aggrecanase" , 
detemnining its full-length ORF sequence and thereby achieved 
prcd-uction of a recombinant protein. 

[09] Also, a vector cornprising this gene, a host cell conprising 

this vector and a method for producing the novel protein using 
this host cell were established. 

[10] Also, the inventors tiaye succeeded in providing a screening 

method v\*iich uses this protein and found tliat a coitpound selected 
}y/ carrying out this screening method significantly inhibits the 
''aggrecanase activity" (namely, the activity of tliis protein to 
cleave the extracellular substrate aggrecan selectively at the 
site iDetween Glu^^^-Ala^^^) and can become a medicament useful in 
preventing and/ or treating joint diseases. 

[11] In addition, a promoter gene of the protein, vAiich is useful 

in screening a medicament for preventing and/ or treating joint 
diseases was isolated, requiting in accoitplishment of the present 
invention. 

[12] Accordingly, the invention relates to: 

[13] [1] a metalloprotease liaving an aggrecanase activity, vAiich 

coirprises an amino acid sequence of from the 213th position to the 
583rd position of the amino acid sequence represented ix/ SEQ ID 
N0:1, or an equivalent of the metalloprotease, 

[14] [2] a metalloprotease liaving an aggrecanase activity, which 

coirprises an amino acid sequence of from the 1st position to the 



583rd position of the amino acid sequence represented by SEQ ID 
N0:1/ or an equivalent of the metalloprotease, 
[15] [3] a metalloprotease having an aggrecanase activity, vsiiich 

consists of the amino acid sequence represented by SEQ ID N0:1, an 
amino acid sequence of from the 1st position to the 687th position 
of the amino acid sequence represented by SEQ ID N0:1, an amino 
acid sequence of from the 1st position to the 583rd position of 
the amino acid sequence represented by SEQ ID N0:1, an amino acid 
sequence of from the 213'th position to the 950th position of the 
amino acid sequence represented by SEQ ID N0:1, an amino acid 
sequence of from the 213th position to the 687th position of the 
amino acid sequence r^resented by SEQ ID N0:1 or an amino acid 
sequence of from the 213th position to the 583rd position of the 
amino acid sequence represented hy SEQ ID N0:1, or an equivalent 
of the metalloprotease, 
[16] [4] a gene vdiich encodes the metalloprotease having an 

aggrecanase activity descrilDed in any one of [1] to [3] or an 
amino acid sequence of an" equivalent of the metalloprotease, 
[17] [5] a vector v^iich coitprises the gene described in [4], 

[18] [6] a host cell vAiich coitprises the vector described in [5], 

[19] [7] a method for producing the metalloprotease liaving an 

aggrecanase activity descrilDed in any one of [1] to [3] or an 
equivalent of the metalloprotease, Wiich coitprises using the host 
cell descriloed in [6], 
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[20] [8] an antibody against the metalloprotease having an 

aggrecanase activity described in any one of [1] to [3] or an 
equivalent of the metalloprotease, 

[21] [9] a method for screening a substance capable of inliibiting 

an aggrecanase activity of the metalloprotease, which conprises 
allowing the metalloprotease liaving an aggrecanase activity 
described in any one of [1] to [3] or an equivalent of the 
metalloprotease to contact with a coirpound to he tested, 

[22] [10] a pharmaceutical conposition for inhibiting degradation 

of proteoglycans, vdiich conprises a sxjlDStance capable of 
irdiibiting the metalloprotease .liaving an aggrecanase activity 
described in any one 6£''- [1] to [3] or an equivalent of the 
metalloprotease, as an active ingredient, and 

[23] [11] a gene represented Toy SEQ ID NO:24, 25, 26, 27, 28, 29, 

30 or 31, or an equivalent of the gene. 

[24] The invention also relates to the use of a substance capable 

of inhibiting an aggrecanase activity of the metalloprotease 
liaving an aggrecanase activity described in any one of [1] to [3] 
or of an equivalent of the metalloprotease, in producing a 
medicament for inhibiting degradation of proteoglycans. 

[25] The invention also relates to the use of a substance capable 

of inhibiting the metalloprotease liaving an aggrecanase activity 
or an equivalent of the metalloprotease, vAiich is obtainable Ipy 
the screening method descrilDed in [9], in treating joint diseases. 
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[26] The invention also relates to a method for screening a 

substance capable of modifying a promoter activity of the gene 
described in [11], vdiich uses this gene. 

Brief Description of . the Drawings 

[27] Fig. 1 is a photograph showing a result of the expression of 

MOrsSTSPl in an animal cell strain using an ECL western blotting 
detection system, obtained in Exanple 6. 

[28] Fig. 2 is a photograph showing a result of the detection of 

the activity of MDTS6TSP1 to degrade a recombinant aggrecan G1G2 
using an ECL western blotting detection system, obtained in 
Example 7-2, 

[29] Fig. 3 is a photograph showing a resialt of the analysts of a 

recombinant aggrecan G1G2 degraded with MDTS6TSP1, by an anti- 
aggrecanase neoepitope antilDody, using a western blotting 
detection system, obtained in Exanple 7-3. 

[30] Fig, 4 is an electrophoresis pattern photograph showing a 

result of the examination of MDTS6 mRNA expression induction by 
IL-lp, obtained in Exanple 8. 

[31] Fig. 5 is a photograph showing a result of the detection of 

degradation of natural type aggrecan hy MDTS6 protein, hy an anti- 
aggrecanase neoepitope antilx)dy, using a western blotting 
detection system, obtained in Exanple 9-2. 

[32] Fig. 6 is a graph showing a result of the detection of 

release of proteoglycan from rabbit laiee joint primary culture 



cells by all- trans retinoic acid and IL-lp, obtained in Exairple 
11-2. 

[33] Fig. 7 is an electrophoresis pattern photograph showing a 

result of the analysis of changes in gene expression of MDTSS by 
RT-PCR when rabbit knee joint primary culture cells are treated 
with all- trans retinoic acid and IL-ip, obtained in Exairple 11-3 . 

[34] Fig. 8 is a graph showing t]iat degradation and release of 

proteoglycan from rabbit knee joint primary culture cells by all- 
trans retinoic acid are inhibited Toy the corrpound A and conpound B, 
obtained in Exanple 12. 

Detailed Description of the Invention 

[35] The following describes the terms used in the invention. 

The term '"aggrecanase" as used herein means a metal loprot ease 
which lias a zinc binding consensus sequence (HExxH) and also has 
an activity to cleave aggrecan existing in joint cartilage 
selectively at the site loetween Glu^^^-Ala^''^, namely the 
"aggrecanase activity". . Also, -unless otherwise noted, the 
''aggrecanase" is referred to as "protein", 

[36] The ''joint disease aggrecanase" of the invention is any of a 

metalloprotease liaving an aggrecanase activity, which conprises an 
amino acid sequence of from the 213th position to the 583rd 
position of the amino acid sequence represented hy SEQ ID N0:1, or 
an equivalent of the metalloprotease. 

[37] Also, the ''joint disease aggrecanase" of the invention is 



preferably a metal loprotease . having an aggrecanase activity, which 
conprises an amino acid sequence of from the 1st position to the 
583rd position of the amino acid sequence represented by SEQ ID 
N0:1, or an equivalent of the metalloprotease. 
[38] More preferably, it is a metalloprotease having an 

aggrecanase activity, vdiich consists of the amino acid sequence 
represented by SEQ ID N0:1, an amino acid sequence of from the 1st 
position to the 687th position of the amino acid sequence 
represented by SEQ ID N0:1, an amino acid sequence of from the 1st 
position to the 583rd position of the amino acid sequence 
represented by SEQ ID NO:'l, an amino acid sequence of from the 
213th position to the 950th position of the amino acid sequence 
represented by SEQ ID N0:1, an amino acid sequence of from the 
213th position to the 687th position of the amino acid sequence 
represented by SEQ ID NO: 1 or an amino acid sequence of from the 
213th position to the 583rd position of the amino acid sequence 
represented by SEQ ID N0:1, or an equivalent of the 
metalloprotease . 

[39] Regarding the ''equivalent of the metalloprotease", (1) in 

the case of an equivalent' of the metalloprotease conprising an 
amino acid sequence of from the 213th position to the 583rd 
position of the amino acid sequence represented l>y SEQ ID N0:1, it 
is a metalloprotease in v*iich one to several amino acid residues 
(preferably from 1 to 10, more preferably from 1 to 5) are 
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substituted, deleted and/or inserted at one to several positions 
(preferably from 1 to 10, more preferably from 1 to 5) in the 
amino acid sequence of from the 213th position to the 583rd 
position, and v*iich has the aggrecanase activity, (2) in the case 
of an equivalent of the metal lopro tease conprising an amino acid 
sequence of from the 1st position to the 583rd position of the 
amino acid sequence represented by SEQ ID N0:1, it is a 
metal lopro tease in vdiich one to several aitdno acid residues 
(preferably from 1 to 10, more preferably from 1 to 5) are 
substituted, deleted and/or inserted at one to several positions 
(preferably from 1 to 10, more preferably from 1 to 5) in the 
amino acid sequence of from the 1st position to the 583rd position, 
and ^ich has the aggrecanase activity, or (3) in the case of an 
equivalent of the metalloprotease consisting of the amino acid 
sequence represented by SEQ ID N0:1, an amino acid sequence of 
from the 1st position to the 687th position of the amino acid 
sequence represented by SEQ ID N0:1, an amino acid sequence of 
from the 1st position to the 583rd position of the amino acid 
sequence represented by SEQ ID N0:1, an amino acid sequence of 
from the 213th position to the 950th position of the amino acid 
sequence represented by SEQ ID N0:1, an amino acid sequence of 
from the 213th position to the 687th position of the amino acid 
sequence represented by SEQ ^ ID N0:1 or an amino acid sequence of 
from the 213th position to the 583rd position of the amino acid 
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sequence represented by SEQ ID N0:1, it is a metalloprotease in 
v\*iich one to several amino acid residues (preferably from 1 to 10, 
more preferably from 1 to 5) are substituted, deleted and/ or 
inserted at one to several positions (preferably from 1 to 10, 
more preferably from 1 to .5) in respective sequences, and vdiich 
has the aggrecanase activity. 
[40] Origin of the "joiiit disease aggrecanase" of the invention 

is not limited to hijman. For example, it includes a 
metalloprotease having the aggrecanase activity v\*iich is 
originated from an organism other than human (e.g., mouse, rat, 
hamster and dog) and cause joint diseases. Also included is a 
protein artificially modified by a genetic engineering means based 
on the sequence of "joint disease aggrecanase" described in SEQ ID 
N0:1. 

[41] Also, the gene coding for the ''joint disease aggrecanase" of 

the invention is any gene v*iich encodes the ''joint diseeise 
aggrecanase", namely a gerie vdiich encodes a metalloprotease tiaving 
an aggrecanase activity, v\*iich coirprises an amino acid sequence of 
from the 213th position to the 583rd position of the amino acid 
sequence represented by SEQ ID N0:1, or an equivalent of the 
metalloprotease . 

[42] Also, the gene coding for the "joint disease aggrecanase" of 

the invention may be any gene coding for a metalloprotease liaving 
an aggrecanase activity, \A*iich coirprises an amino acid sequence of 
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from the 1st position to the 583rd position of the aitdno acid 
sequence represented by SBQ ID N0:1, or an equivalent of the 
metalloprotease . 

[43] In addition, it inay be any gene coding for a metalloprotease 

having an aggrecanase activity, which consists of the amino acid 
sequence represented by SBQ ID N0:1, an amino acid sequence of 
from the 1st position to the 687th position of the amino acid 
sequence represented by SEQ ID N0:1, an amino acid sequence of 
from the 1st position to the 583rd position of the amino acid 
sequence represented by SEQ ID N0:1, an amino acid sequence of 
from the 213th position to the 950th position of the amino acid 
sequence represented by SEQ ID N0:1, an amino acid sequence of 
from the 213th position to the 687th position of the amino acid 
sequence represented by SEQ ID NO: 1 or an amino acid sequence of 
from the 213th position to the 583rd position of the amino acid 
sequence represented by SBQ ID N0:1, or an equivalent of the 
metalloprotease. 

[44] Regarding the ''gene coding for an equivalent of the 

metalloprotease", (1) in the case of a gene coding for an 
equivalent of the metalloprotease comprising an amino acid 
sequence of from the 213th position to the 583rd position of the 
amino acid sequence represented ]Dy SEQ ID N0:1, it is a gene 
coding for a metalloprotease in which one to several amino acid 
residues (preferably from 1 to 10, more preferably from 1 to 5) 
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are substituted, deleted and/or inserted at one to several 
positions (preferably from 1 to 10, more preferably from 1 to 5) 
in the amino acid sequence of from the 213th position to the 583rd 
position, and which has the aggrecanase activity, (2) in the case 
of a gene coding for an equivalent of the metalloprotease 
conprising an amino acid sequence of from the 1st position to the 
583rd position of the amino acid sequence represented by SEQ ID 
N0:1, it is a gene coding for a metalloprotease in which one to 
several amino acid residues (preferably from 1 to 10, more 
preferably from 1 to 5) are substituted, deleted and/ or inserted 
at one to several positions (preferably from 1 to 10, more 
preferably from 1 to 5) '-iW the amino acid sequence of from the 1st 
position to the 583rd position, and vAiich has the aggrecanase 
activity, or (3) in the case of a gene coding for an equivalent of 
the metalloprotease consisting of the amino acid sequence 
represented by SEQ ID N0:1, an amino acid sequence of from the 1st 
position to the 687th position of the amino acid sequence 
represented by SEQ ID N0:1, an amino acid sequence of from the 1st 
position to the 583rd position of the amino acid sequence 
represented by SEQ ID N0:1, an amino acid sequence of from the 
213th position to the 95Dth position of the amino acid sequence 
represented by SEQ ID N0 • 1 , an ariiino acid sequence of from the 
213th position to the 687th position of the amino acid sequence 
represented by SEQ ID NO: 1 or an amino acid sequence of from the 
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213th position to the 583rd position of the amino acid sequence 
represented by SEQ ID N0:1, it is a gene coding for a 
metalloprotease in VN*iich one to several amino acid residues 
(preferably from 1 to 10, more preferably from 1 to 5) are 
substituted, deleted and/or inserted at one to several positions 
(preferably from 1 to 10, more preferably from 1 to 5) in 
respective sequences, and vdiich has the aggrecanase activity. 

[45] The gene coding for the ''joint disease aggrecanase" of the 

invention is preferably a gene consisting from the 1st position to 
the 1749th position, from the 1st position to the 2061st position, 
from the 1st position to the 2850th position, from the 637th 
position to the 1749th position, from the 637th position to the 
2061st position or from the 637th position to the 2850th position, 
of the nucleotide sequence described in SEQ ID NO: 2, more 
preferably a gene consisting f rdm taie 637th position to the 1749th 
position, from the 637th position to the 2061st position or from 
the 637th position to the 2850th position, of the nucleotide 
sequence described in SEQ ID NO: 2. 

[46] The promoter gene of the invention is preferably a gene 

tiaving a nucleotide sequence described in SEQ ID NO: 24, 25, 26, 27, 
28, 29, 30 or 31. The ''equivalent of the gene descriloed in SEQ ID 
NO:24, 25, 26, 27, 28, 29, 30 or 31" is a gene in vs*iich one to 
several iDases (preferably from 1 to 10, more preferably from 1 to 
5) are sx±)stituted, dereted and/or inserted at one to several 
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positions (preferably from 1 to 10, more preferably from 1 to 5) 
in the nucleotide sequence described in SBQ IDNO:24, 25, 26, 21 , 
28, 29, 30 or 31, and vy*iich has a ^^joint disease aggrecanase" 
promoter activity. The tern ''promoter activity" means an activity 
vAiich acts as the initiation region for transcribing inforaation 
of DNA chains to RNA chains. 

[47] According to a result of BLAST (basic local alignment search 

tool) (S.F. Altschul et al., (1990), J. Mol. Biol., 215, 403 - 
410) retrieving of GENBANK and SwissProt, the amino acid sequence 
(SBQ ID N0:1) (950 amino acids) of MOTS6 as one of the ''joint 
disease aggrecanase" of the invention and the nucleotide sequence 
(SEQ ID NO: 2) (2853 base pairs) \A*iich encodes this amino acid 
sequence are novel. When homology of the amino acid sequence with 
the ADAMTS4 and ADAMTSll described in the foregoing vms examined, 
its sequence similarity v^as 50% or less. 

[48] A metalloprotease having an aggrecanase activity, v\*iich has 

high homology with the metalloprotease having the amino acid 
sequence represented by SEQ ID N0:1, is also included in the 
"joint disease aggrecanase" of the invention. The high homology 
metalloprotease having an aggrecanase activity is a 
metalloprotease having an aggrecanase activity vdiich shows at 
least 70% or more, preferably 80% or more, more preferably 90% or 
more, most preferably 95% or more, particularly preferably 99% or 
more , of sequence homology with the amino acid sequence 
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represented by SEQ ID N0:1. The homology can be specified using 
the aforementioned BLAST retrieving algorithm. 

[49] In addition, the ''joint disease aggrecanase" of the 

invention can be used for the screening of a substance which 
inhibits the aggrecanase activity that causes joint diseases. The 
s\±)stance v*iich inhibits the aggrecanase activity is useful as a 
cortposition for inhibiting degradation of proteoglycans. 

[50] In addition, the promoter gene of the ''joint disease 

aggrecanase" of the invention is worthy of notice in tliat it can 
be used for the screening of a sulDStance v\*iich inhibits the 
promoter activity. , The term ''av s\±>stance vdiich inhibits the 
promoter activity" as used herein means a substance v*iich inhibits 
expression of the "joint disease aggrecanase" by iiihibiting action 
of the promoter. A method for screening a substance capable of 
inhibiting promoter activity, v\*iich uses the promoter gene of the 
aggrecanase, and use of the substance capable of inhibiting the 
promoter activity for preventing and/ or treating joint diseases 
are also included in the invention. Furthermore, the "joint 
disease aggrecanase" promoter gene exists in two or more mutant 
forms, namely genetic polymorpliism. Thus, it can be used for the 
analysis of correlation between the genetic polymorphism and 
diseases in which concern of the aggrecanase is considered so tliat, 
including joint diseases, as a result, there is a possibility that 
it can iDe used as a marker for gene diagnosis. 
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[51] Regarding the gene coding for the ''joint disease 

aggrecanase" of the invention, the vector of the invention, the 
host cell of the invention, the method of the invention for 
producing the "joint .disuse aggrecanase", the method of the 
invention for detecting the aggrecanase activity of the "joint 
disease aggrecanase", the method of the invention for producing an 
antibody which reacts with the "joint disease aggrecanase", the 
method of the invention for screening a substance vdiich inhibits 
the aggrecanase activity of the "joint disease aggrecanase", the 
method of the invention for detecting the promoter activity and 
the method of the invention for screening a substance which 
modifies the promoter activity are described in the following 
items 1) to 7) . All .of the items described in 1) to 7) are 
included in the inventiOh. i = In the following items 1) to 7), the 
"joint disease aggrecanase" is described as "protein". 
[52] 1) Production method of protein gene 

[53] a) First production method - a method vyiiich uses PGR 

[54] A mRNA sanple is extracted from a human cell or tissue 

liaving the ability to produce the novel protein of the invention. 
Next, using ttiis mRNA as the tertplate, two primers interposing the 
mRNA or a part of mRNA of the novel protein are prepared. Full- 
length cDNA or a part thereof corresponding to the novel protein 
can be obtained by modifying denature terrperature, denaturing 
agent adding condition ''and the like and carrying out a reverse 
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transcriptase-polymerase chain reaction (to be referred to as RT- 
PCR hereinafter) suited for a respective protein conprising a part 
of the amino acid sequence represented by SEQ ID N0:1 of the 
invention. Alternatively, full-length cDNA or a part thereof 
corresponding to the novel protein can be obtained by carrying out 
a polymerase chain reaction (to be referred to as RT-PCR 
hereinafter) , by using „ cDNA prepared using reverse transcriptase 
from mRNA vdiich is extracted from a human cell or tissue having 
the ability to produce the novel protein of the invention, or a 
commercially available cDNA preparation derived from a human cell 
or tissue, as the tertplate. Thereafter, the novel protein can be 
produced by integrating the thus obtained full-length cDNA or a 
part thereof corresponding to the novel protein into an 
appropriate expression vector and e5q)ressing it in a host cell. 
[55] Firstly, mRNA comprising a sequence coding for the protease 

is extracted from a hximan. cell or tissue having the ability to 

produce the novel protein of the invention by a known method. As 

'"'I- ' 

the extraction method, a guanidine thiocyanate hot phenol method, 
a guanidine thiocyanate-guanidine hydrochloride method and the 
like can be exenplified, but a g\aanidine thiocyanate cesium 
chloride method can be preferably cited. The cell or tissue 
having the ability to produce this protease can be specified by, 
e.g., northern blot technique using a gene or a part thereof 
having a nucleotide sequence coding for the protease or western 



19 



blot technique losing an antiboc3y specific for the protease. 

[56] Purification of mRNA can be carried out in accordance with a 

usual method, for exanple/ it can be purified by binding it to an 
oligo{dT) cellulose column and then eluting it. Alternatively, a 
commercially available extracted and purified mRNA may be used 
without extracting the mRNA. 

[57] Subsequently, single-strand cDNA is synthesized t^y carrying 

out reverse transcriptase reaction of the purified miRNA in the 
presence of random primSers, oligo(dT) primers or custom- 
synthesized primers, tising two primers interposing a part of the 
gene of interest, the thus obtained single-strand cDNA is 
s\±>jected to PGR to aitplify the novel protein DMA of interest. 
Alternatively, a commercially available cDNA preparation nay iDe 
xosed without synthesizing the cDNA. Itie thxis obtained DNA is 
fractionated It/ a means such as agarose gel electrophoresis or the 
lilce. If desired, a DMA fragment of interest can he obtained l^y 
digesting this DNA with restriction enzymes and the lilce and then 
ligating the digested fragments. 

[58] b) Second production method 

[59] In addition to the^-'al^v^ method, the gene of the 

invention can iDe produced using conventional genetic engineering 
tectiniques. Firstly, single-strand cDNA is synthesized using 
reverse transcriptase and using the mRNA obtained Ipy the above 
method as the terrplate and then double-strand cDNA is synthesized 
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from this single-strand cDNA. As the method, the SI nuclease 
method (Efstratiadis, A. et al., Cell, 7, 279 - 288, 1976), Land 
method (Land, H. et al., Nucleic Acids Res., 9, 2251 - 2266, 1981), 
O. Joon Yoo method (Yoo, O.J. et al., Proc. Natl. Acad. Sci. USA, 
79, 1049 - 1053, 1983), the Okayama-Berg method (Okayama, H. and 
Berg, P., Mol. Cell. Biol., 2, 161 - 170, 1982) and the like can 
be exenplified. 

[60] Next, an Escherichia coli strain such as DH5 a strain, HBlOl 

strain, JM109 strain or the like is transformed by introducing a 
recombinant plasmid obtained by the aforementioned method, and a 
resulting recombinant can be selected using the resistance for a 
drug such as tetracycline) airpicillin, kanaitr/cin or the like as a 
marker. Transformation -jdfj, a. host cell, for example, v\*ien the host 
cell is E. coli, can be carried out by Hanahan's method (Hanahan, 
D.J., Mol. Biol., 166, 557 - 580, 1983), namely, by adding the 
recombinant DNA to coitpetent cells prepared in the coexistence of 
CaCl2 and MgCl2 or RbCl- As a matter of course, commercially 
available coirpetent cells can also be used. In this connection, 
in addition to a plasmid, a phage vector such as a lambda system 
can also be used as a vector. 

[61] Regarding the method for selecting DJSIA of the novel protein 

of interest from the thus obtained trans formants, various methods 
shown below can for exeinplle be eitpi'oyed. 

[62] (i) A screening method which uses a synthetic 
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oligonucleotide probe 

[63] An oligonucleotide corresponding to v\*iole or a part of the 

novel protein of the invention is synthesized (in this case, it 
may be either a nucleotide sequence derived by using the codon 
\asage or a combination of two or more possible nucleotide 
sequences, and in the latter case,^ the number of their kinds can 
be reduced by including inosine) , this is hybridized as a probe 
(after labeling with ^^P or ^^P) with a nitrocellulose filter or 
nylon filter on vteLch DNA samples of the transformants are 
denatured and immobilized, and then the thus obtained positive 
strains are screened and selected. 

[64] (ii) A screening method which uses a probe prepared loy 

polymerase diain reaction 

[65] Oligonucleotides of a sense primer and an antisense primer 

corresponding to a part of the novel protein of the invention are 
synthesized and polymer^sd chain reaction (Sailci, R.K. et al., 
Science, 239, 487 - 491, 1988) is carried out using these primers, 
thereby effecting aitplification of a DNA fragment coding for whole 
or a part of the novel protein of interest. As the tenplate DMA 
to be used, cDNA synthesized by reverse transcription reaction 
from mRNA of cells producing the novel protein or genomic DNA can 
loe used. The thus prepared DNA fragment is lai^eled with ^^P or ^^P 
and used as the prolDe to carry out colony hybridization or plaque 
hybridization to select the clone of interest. 



[66] (iii) A screening method in which the novel protein is 

produced by other animal cells 

[67] A transformant is cultured to anplify a gene, an animal cell 

is transfected with the gene (in this case, the vector may iDe 
either an autonomously replicating plasmid comprising a 
transcription promoter region or a plasmid which can iDe integrated 
into diromosome of the animal cell) , and the protein encoded Ipy 
the gene is produced in the extracellular moiety. By detecting 
the novel protein using ^an .antilDody specific for the novel protein 
of the invention, a strain conprising cDNA vdiich encodes the novel 
protein of interest is selected from the original trans formants. 

[68] (iv) A selection method which uses an antilDody specific for 

the novel protein of the invention 

[69] By integrating cDNA into an es^pression vector in advance, 

proteins are produced in culture si?)ematants, inside the cells or 
on the sxirface of cells of trans fonnants, and the strain of 
interest is selected by detecting the novel protein producing 
strain of interest using ' an antilDody specific for the novel 
protein of the invention ..and a secondary antiixxiy against tliis 
antilxx3y. 

[70] (v) A method which uses a selective hybridization- 

translation system 

[71] Sairples of cDNA obtained from trans formants are blotted on a 

nitrocellulose filter or the lilce, mRNA prepared from the novel 
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protein producing cells of the invention is hybridized therewith, 
and then the itiRNA hybridized to the cDNA is dissociated and 
recovered. The thus recovered mRNA saitples are translated into 
proteins in a protein translation system, e.g., a system in vviiich 
they are injected into oocyte of Xenopus or a cell free system 
such as rabbit reticulocyte lysate, vdieat germ or the like. The 
strain of interest is selected by detecting it using an antibody 
against the novel protein of the invention. 

[72] The method for collecting DNA coding for the novel protein 

of the invention from the thus obtained trans formant of interest 
can be carried out in accordance with gene manipulation experiment 
manuals such as of a Jdiowri method (Sambrook, J. et ai., ''Molecular 
Cloning - A Laboratory Manxoal", Cold Spring Harbor Laboratory, NY, 
1989) and the like. For exaitple, it can be achieved by separating 
a fraction corresponding to plasmid DNA from cells and then 
cutting out the cDNA region from the plasmid DISIA. 

[73] c) Third production method 

[74] The novel protein gene of the invention can also be produced 

by connecting DNA fragments produced by a chemical synthesis 
method. Each DMA can iDe synthesized using a DNA synthesizing 
machine [e.g., Oligo lOOOM DNA Synthesizer (mfd. by Beckman) , 394 
DNA/RNA Synthesizer (mfd; by implied Biosystems) or the like] . 

[75] d) Fourth production method 

[76] The novel protein gene of the invention can also be produced 



based on the information on the novel protein, for exaiiple, by 
chemical synthesis of nucleic acicSs in accorcSance with a 
conventional method such as phosphite triester method (Hunkapiller, 
M. et al., Nature, 10, 105 - 111, 1984) or the like. In this 
connection, codons for desired amino acids are well known, can be 
selected optionally and can be detentdned in accordance with a 
conventional method (Crantham, R. et ai.. Nucleic Acids Res., 9, 
r43 - r74, 1981), taking codon usage of the host to be losed into 
consideration. In addition, partial modification of codons of 
these nucleotide sequences can be carried out in the usual way in 
accordance with the site specific mutagenesis (Mark, D.F. et al., 
Proc. Natl. Acad. Sci. USA, 81, 5662 - 5666, 1984) or the like 
vdiich uses primers comprised of synthetic oligonucleotides which 
encode the desired modification. 

[77] Detennination of '^'sequences 'of DMA obtained by the above 

methods a) to d) can be carried out for exaitple by Maxam-Gilbert 
chemical modification method (Maxam, A.M. and Gilbert, W. , 
'^Methods in Enzymology", 65, 499 - 559, 1980), dideoxy nucleotide 
chain tennination method (Messing, J. and Vieira, J., Gene, 19, 
269 - 276, 1982) and the like. 

[78] 2) Methods for the production of the vector of the invention, 

the host cell of the invention and the recombinant protein of the 
invention 

[79] The thus isolated fragment containing the gene coding for 
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the novel protein of the invention can be transformed into 
eucaryotic or procaryotic host cells by again integrating it into 
an appropriate vector DNA. In acSdition, it is possible to express 
the gene in respective host cells by introducing an appropriate 
promoter and a sequence concerned in the gene es^ression into 
these vectors. 

[80] For exaitple, the eucaryotic host cells include cells of a 

vertebrate, an insect, yeast and the like, and COS cell as a 
monkey cell (Gluzman, Y., Cell, 23, 175 - 182, 1081), a 
dihydrofolate reductase deficient strain of Chinese hamster ovary 
cell (CHO) (Urlaub, G. and Chasin, L.A. , Proc. Natl. Acad. Sci. 
USA, 11, 4216 - 4220, 1980), human fetal kidney-derived HEK293 
cell, 293-EBNA cell in v\4iich Epstein-Barr virus EBNA-1 gene is 
introduced into the same cell (mfd. by Invitrogen) and the like 
are frequently used as the vertebrate cells, though limited 
thereto . 

[81] As the e35)ression vector for vertebrate cells, a vector 

liaving a promoter, a RNA--'splicing 'site, a polyadenylylation site, 
a transcription termination sequence and the like generally 
positioned upstream of the gene to iDe expressed can iDe used, and 
it may further liave a replication origin as occasion demands. 
Exanples of the expression vector include pSV2dhfr liaving SV40 
early promoter (Siobramani, S. et al., Mol. Cell. Biol., 1, 854 - 
864, 1981), pEF-BOS liaving human elongation factor promoter 
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(Miziishiira, S. and Nagata, S., Nucleic Acids Res . , IS, 5322, 1990), 
pCEP4 having cytomegalovirus promoter (mfd. by Invitrogen) and the 
like, though not limited thereto. 

[82] In the case of the use of COS cell as the host cell, an 

expression vector vsiiich has SV40 replication origin, can perform 
autonomoias replication in COS cell and has a transcription 
promoter, a transcription termination signal and an RNA splicing 
site can be used, and its exaitples include pMElSS (Maruyams, K. 
and Takebe, Y., Med. Immunol., 20, 27 - 32, 1990), pEF-BOS 
(Mizushima, S. and Nagata, S., Nucleic Acids Res . , 18, 5322, 1990), 
pCDM8 (Seed, B., Nature,' 329, 840 - 842, 1987) and the like. The 
expression vector can be incorporated into COS cell by a DEAE- 
dextran method (Luthman, H. and Magnusson, G. , Nucleic Acids Res., 
11, 1295 - 1308, 1983), a calcium phosphate-DNA co-precipitation 
method (Graham, F.L. and van der Ed, A.J., Virology, 52, 456 - 457, 
1973), a method vAiich uses FuGENE™6 Transfection Reagent (mfd. by 
Boehringer Mannheim) , an electrpporation method (Neumann, E. at 
al., EMBO J., 1, 841 - 845, 1982) and the like, thvis enabling to 
obtain a desired transfonnant cell. 

[83] Also, v*ien CHO cell*. is used as the host cell, a transformant 

cell vdiich can stably produce the novel protein can be obtained by 
co-transfecting a vector capable of expressing neo gene vy*iich 
functions as a G418 resistance marker, such as pRSVneo (Sambrook, 
J. et al., ''Jyfolecular Cloning - A Laboratory Manual", Cold Spring 
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Harbor Laboratory, NY, 1989), pSV2-neo (Southern, P.J. and Berg, 
P., J. Mol. Appl. Genet., 1, 327 - 341, 1982) or the like, 
together with an expression vector and then selecting a 0418- 
resistant colony. Also, .v*ien 293-EBNA* cell is used as the host 
cell, a desired transfomnant cell can be obtained using an 
e35)ression vector which has Epstein-Barr virus replication origin 
and can perform autonomous replication in the 293-EBNA cell, such 
as pCEP4 (mfd. by Invitrogen) or the like. 

[84] The thus obtained trans forraant cell of interest can be 

cultured in accordance with a conventional method, and the novel 
protein of the invention is produced in extracellialar moiety by 
this culturing. As the medium to be used in the culturing, 
various conventionally ^ used media can be optionally selected 
depending on the host' C6irieriiiloyed\ In the case of, for exanple, 
the CX)S cell, a medium such as a RPMI-1640 medium, Dulbecco's 
modified Eagle's minimum essential medium (DMEM) or the like vyiiich 
may be supplemented, as occasion demands, with a serum corrponent 
such as fetal bovine serum (FBS) or the like may be used. Also, 
in the case of the 293-EBNA cell, a medium such as Dulbecco's 
modified Eagle's minimum essential medium (oyiEM) or the like 
supplemented with a serum conponent such as fetal bovine serum 
(FBS) or the like and further supplemented with G418 may be used. 

[85] Itie novel protein 'bf the invention thus produced in the 

extracellular moiety of -•the transformant cell can loe separated and 
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purified by various known separation techniques making use of 
physical characteristics, biochemical characteristics and the like 
of the novel protein. Illustrative exanples of such techniques 
include treatment of a cultiore broth containing the novel protein 
with a usxaal protein precipitant, ultrafiltration, vario\is types 
of liquid chromatography such as molecular sieve chromatography 
(gel filtration) , adsorption chromatography, ion exchange 
chromatography, affinity chromatography, high performance liquid 
chromatography (HPLC) and the like, dialysis and combinations 
thereof . 

[86] When the novel protein of the invention is expressed after 

its in frame fusion with a marker sequence, expression 
verification, purification and the like of the novel protein 
become possible. Examples of the marker sequence include FLAG 
epitope, Hexa-Histidine tag. Hemagglutinin tag, myc epitope and 
the like. Also, v\*ien a' ispecific amino acid sequence recognizable 
by proteases such as '^tferoicinase, factor Xa, thrombin and the 
like is inserted between a marker sequence and the novel protein, 
the marker sequence moiety can be cut off and removed by these 
proteases . 

[87] 3) Method for detecting the aggrecanase activity of the 

protein of the invention 
[88] Hie aggrecanase activity of the protein of the invention can 

be detected hy mixing the joint disease aggrecanase of the 
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invention with each of the substrates described below in an 
appropriate buffer solution, allowing them to react with each 
other and then detecting the reaction product by a method suited 
for each substrate. 

[89] As the substrate, aggrecan purified from a cartilage or 

tissue of huinan or other animal, aggrecan obtained by genetic 
recombination, commercially available aggrecan (mfd. by Seikagaku 
Kogyo) or a partial protein thereof can be used. The aggrecanase 
activity can be measured, by allowing these siobstrates to react 
with a cell or tissue culture broth, a cell or tissue extract or a 
(partially) purified sairple containing a protease to be tested, 
and then detecting a fragment, cleaved off at the site between 
Glu^^^-Ala-^'^^ . The fragment cleaved off at the site between Glu"^^^- 
Ala^^^ can be detected by a method in which an N- terminal sequence 
or a C-teradnal sequence of the digested fragment is determined in 
accordance with a conventional method, or more conveniently, by an 
immunological method such as an ELISA (enzyme-linked immunosorbent 
assay) vMch uses an anti-neoepitope antibody capable of 
specifically recognizing C-terminal NITGE^^^ and N-termLnal *^^^ARGSV 
generated by the cuttiiig; between Glu^^^-Ala^^^, a western blotting 
or the like. Preferably, it can be carried out by the methods 
described in Examples 7 and 9. 

[90] 4) Method for preparing antilpody which reacts with the novel 

protein of the invention 

30 



[91] The antibody which reacts with the novel protein of the 

invention, such as a polyclonal antibody or a monoclonal antibody, 
can be obtained by directly administering the novel protein or a 
fragment of the novel protein to various animals. It can also be 
obtained by a DMA vaccine method (Raz, E. et al., Proc. Natl. Acad. 
Sci. USA, 91, 9519 - 9523, 1994; Donnelly, J.J. et al., J. Infect. 
Dis., 173, 314 - 320, 1996) using a plasmid into which a gene 
coding for the novel protein of the invention is introduced. 

[92] A polyclonal antibody is produced from a serum or egg of an 

animal such as rabbit, rat, goat, domestic fowl or the lilce vdiich 
is sensitized hy imrrajnizing the animal with the novel protein or a 
fragment thereof emulsi'ffed in an appropriate adjuvant such as 
conplete Freund's adjuvant 'by ' Its peritoneal, subcutaneous, 
intravenous or the like injection. The thus produced polyclonal 
antilDody can iDe separated and purified loy usual protein isolation 
and purification teclmiques, and exairples of the usual protein 
isolation and purification teclmiques include centrifugation, 
dialysis, salting out with ammonium sulfate and a diromatography 
using DEAE-cellulose, hydroxyapatite, protein A agarose or the 
lilce. 

[93] A monoclonal antilood/ can be produced easily Ipy those 

slcilled in the art by" tlie cell fusion method of Kohler and 
Milstein (Kohler, G. dnS^kilistein, C, Nature, 256, 495 - 497, 
1975) . 



[94] That is, mouse is immunized by emulsifying the novel protein 

of the invention or a fragment thereof in an appropriate adjuvant 
such as couplet e Freund's adjuvant and inoculating the emulsion 
several times at intervals of a few weeks ty its peritoneal, 
subcutaneous, intravenoias ' or the like injection. After the final 
immunization, spleen cells are taken out and fiised with myeloma 
cells to prepare hybridomas. 

[95] As the myeloma cells for obtaining hybridomas, a nyeloma 

cell tiaving a marker (e.g., hypoxantliine-guanine phosphorilDosyl 
transferase deletion, thymidine kinase deletion or the like) , such 
as a mouse nyeloma cell strain P3X63Ag8.Ul, is used. Also, 
polyethylene glycol is used as the fusing agent. As the medium 
for preparing hybridomas. Eagle's minimum essential medium, 
Dulbecco's minimum essential medium, RPiyiI1640 or the like usually 
used medium is used optionally supplementing it with 10 to 30% 
fetal iDovine serum. olh^^' fused strains are selected l>y the HAT 
selection method. Screening of hybridomas is carried out using 
culture supematants Toy ELISA, immunological tissue staining or 
the like well loiown method or l^y the aforementioned screening 
method, and a clone of hybridoma vyiiich secretes the antilDody of 
interest is selected. Also, monoclonal nature of the hybridoma is 
confirmed lay repeating subcloning by limiting dilution. By 
cultiaring the thus obtained liybridoma in a medium for several days 
or in the abdominal cavity of a pristane-pretreated BALB/c mouse 
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for 10 to 20 cSays, the antibody is produced in a piirification- 
possible amoimt. The thus produced monoclonal antibody can be 
separated and purified from the culture supernatant or ascitic 
fluid by usual protein isolation purification techniques. 

[96] Active antibody fragments containing a part of the antibody, 

such as F(ab')2, Fab, Fab' and Fv, can be obtained by digesting 
the thus separated and purified antibody with a proteolytic enzyme 
such as pepsin, papain or the like in the conventional way and 
then separating and purifying the fragments by usual protein 
isolation purification techniques. 

[97] Furthermore, it is possible to obtain the antilx>dy vyiiich 

reacts with the novel protein of the invention as single chain Fv 
or Fab by the methods of Claclcson et al. and Zebedee et al. 
(ClacJcson, T. et al,, Nature, 352, 624 - 628, 1991; Zebedee, S. et 
al., Proc. Natl. Acad. Sci. USA, 89, 3175 - 3179, 1992). In 
addition, it is possible to obtain a human antibody hy immunizing 
a transgenic moxise in wliich a mouse antilDody gene is replaced loy a 
human antilDody gene (Lonb^rg, N. et al., Nature, 368, 856 - 859, 
1994). " '^^-jy-r ' 

[98] 5) Method for screening a substance v\^ich inhibits the 

aggrecanase activity of the joint disease aggrecanase^' of the 
invention 

[99] This can he screened hy a similar method of the aggrecanase 

activity detection method descriloed in 3) . Also, the ELISA or the 
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like method exertplified in Exaitple 10-2 can be used, in vsiiich 
added aggrecan, recombinant . aggrecan, commercially available 
aggrecan or a partial protein thereof v\/hich disappears or 
decreases by its degradation \A*aen allowed to react with the novel 
protein of the invention is measured using an antibody vsdiich 
specifically recognizes polypeptides of the N-terminal side and C- 
teminal side moieties of the region cleaved off with aggrecanase. 
Also useful is a method in v\*iich the novel protein of the 
invention is allowed to react with a recombinant aggrecan in v\Aiich 
FLAG tag is added to the N-terminal, and His tag to the C-tenrdnal, 
as exenplified in Example' 7-1, and the added recombinant aggrecan 
disappeared or decreased-^ ;by its degradation is measured by ELISA 
or the like method using an anti-FLAG tag and anti-His tag 
antibodies. The tags in this case are not limited to FLAG tag and 
His tag, and the recombinant aggrecan is not limited to Exairple 7- 
1 and may be a partial protein or modified protein of aggrecan 
vghich is cleaved off at the aggrecanase digesting site by this 
protein. Regarding the substance to be tested for its aggrecanase 
activity, conpounds or peptides vAiich are generally known to have 
metalloprotease inhibition activity but their activities to 
inhibit the aggrecanase activity of the novel protein are unclear, 
or various known compotinSis and peptides, conpounds synthesized 
using combinatorial chemistry techniques (Terrett, N.K. et al., 
Tetrahedron, 51, 8135 - 8137, 1995) or general synthesis 
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techniques and random peptides prepared by applying a phage 
display method (Felici, F. et al., J, Mol. Biol., 222, 301 - 310, 
1991) and the like, can be used as the substance to be tested. In 
addition, extracts and cxilture supematants of microorganisms, 
natural conponents derived from plants and marine organisms , 
animal tissue extracts and the like are also become objects of the 
screening. Or possibly, conpDunds or peptides prepared by 
chemically or biologically structure-modified from compomds or 
peptides selected by the screening method of the invention can 
also be \ised. 

[100] For the screening of substances which inhibit the 

aggrecanase activity of the novel protein of the invention 
(conpounds, peptides, antibodies and antibody fragments), any 
substance \A*iich becomes the substrate of the novel protein of the 

invention or of a partial- peptide thereof can be used, and the 

.f ft 

substrates described in the aforementioned item 3) are desirable . 
[101] 6) Method for detecting degradation and release of 

proteoglycan 

[102] A method exectplified in Exaitple 11-2 in vdiich -^^304^" is used 

as a tracer, a method in vdiich a proteoglycan antiloody is used, a 
method in which degraded fragments are detected hy gel filtration 
(Methods in Cartilage Research, Academic Press, 1990; Joint 
Cartilage Degradation, Marcel Dekker, Inc., 1993), a colorimetric 
method (Goldberg R.L. and" Kolibas L.M., Connect. Tissue Res., 24, 
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265 - 275, 1990) v\*iich iises 1, 9-<±unethylmethylene blue (DMMB) and 
the like are xised for the detection and measiarement of the 
degradation and release of cartilage proteoglycan, though not 
limited thereto. 

[103] 7) Method for screening a substance vdiich inhibits promoter 

activity of the invention 

[104] In screening a substance wtiich inhibits the promoter 

activity of the invention, a method in vdiich a reporter gene 
plasmid containing the sequences shown in Exaitple 13 (SEQ ID 
NOs:24 and 31) and partial sequences thereof is used is convenient 
as the method for detecting the promoter activity. The reporter 
gene means a gene coding for a protein vdiich can be determined hy 
usual means (e.g., detemoination methods well known to those 
slcilled in the art such as measurement of enzyme activities and 
the like) , and cliloraitphenicol acetyl transferase, luciferase, p- 
galactosidase and alJ^line phospliatase genes are frequently used, 
though not limited theretb. Regarding a vector for constructing a 
reporter gene plasmid, there is ho limitation and commercially 
available plasmid vectors such as pGV-B2 (mfd. by Toyo Ink) , 
pSEAP2-Basic (mfd. by Clontech) and the like can be used. By 
constructing a reporter gene plasmid in which the sequence is 
inserted in the forward direction into upstream of the reporter 
gene of these vectors and measuring amount of the reporter protein 
expressed in cells transformed with this plasmid, by a method 
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suited for respective .case, the presence and strength of the 
promoter activity of the sequence can be known, and action of a 
substance to be tested upon this promoter activity can be detected 
by adding the substance to be tested to a culture broth of the 
transfontied cells. 

For the screening of substances \/y*iich inhibit the promoter 
activity possessed by the sequence of the Sequence ID No. of the 
invention and a partial sequence thereof (conpounds, peptides, 
antibodies and antibody fragments), a method similar to the 
aforementioned promoter activity detection method can be used. 
Regarding the s\±)Stance • to ' be tested, compoimds or peptides viiich 
are generally known to have promoter inhibition activity but their 
activities to inhibit the promoter activity possessed by the 
sequences of SEQ ID NOs:24 and 31 and partial sequences thereof 
are unclear or various known conpounds and peptides, compounds 
synthesized using combinatorial chemistry techniques (Terrett, N.K. 
et ai.. Tetrahedron, 51, 8135 - 8137, 1995) or general synthesis 
techniques and random peptides, antibodies and antibody fragments 
prepared by applying a phage display method (Felici, F. et al., J". 
Mol. Biol., 222, 301 - 310, 1991) can be Tised. In addition, 
extracts and cultiire siipernatantis of microorganisms, natural 
coirponents derived from plants and marine organisms, animal tissue 
extracts and the like are also become the object of the screening. 
Or possibly, conpounds or peptides prepared by cheodcally or 
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biologically strxLCtiire-modified from coitpounds or peptides 
selected by the screening method of the invention can also be used. 

A medicament v\*iich conprises as the active ingredient a 
substance vdiich inhibits: .the aggrecanase activity of the ''joint 
disease aggrecanase" and is selected by the aforementioned 
screening method (a conpound, peptide, antibody or antibody 
fragment) is included in the invention, and a pharmaceutical 
conposition for inhibiting degradation of proteoglycans is 
particularly desirable as the medicament. Exaitples of the 
siabstance which significantly inhibits activity of the ''joint 
disease aggrecanase" include ]Sl"-[2-{l-hydroxycarbamoyl-2- 
sulf anylethyl ) -4-methylpentanoyl ] -N, 0- dimethyl tyros ineamide ( to be 
referred to as compound A hereinafter), isf'- [2- (l-hydroxycarbamoyl- 
2-sulf anylethyl ) -4-methylt)ehtanoyl ] -N-methylphenylalanineamide ( to 
be referred to as conpound B hereinafter), ]sr-[2-(l- 
hydroxycarbamoyl-2-phenylsulf anylethyl) -4-methylpentanoyl] -N, 0- 
dimethyltyrosineamide (to be referred to as conpound C 
hereinafter) , [2- ( l-hydroxycarbamoyl-2-methylsulf anylethyl ) -4- 

methylpentanoyl]-N,0-dimethyl tyros ineamide (to be referred to as 
conpound D hereinafter) and the like selected by the screening 
system shown in Exanple 10-2. The conpound A, conpound B, 
cotpound C and conpound D are conpounds included in the claims of 
WO 90/05719, but not only medicaments comprising these conpounds 
as the active ingredient but also all medicaments v»Mch conprises 
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substances capable of significantly inhibiting the aggrecanase 
activity of the ''joint disease aggrecanase" are included in the 
invention. In this connection, the cotpound A, coitpound B, 
coitpound C and coitpDund D are coitpoimds can be synthesized in the 
same manner as the compounds disclosed in WO 90/05719 in 
accordance with the production methods disclosed in WO 90/05719. 

[107] The medicament conprising a substance (a coitpound, peptide, 

antibody or antibody fragment) vdiich significantly inhibits the 
aggrecanase activity of the ''joint disease aggrecanase" of the 
invention as the active ingredient can be prepared using carriers, 
fillers and other additives usually used for their pr^aration, in 
response to each type of the active ingredient. 

[108] Exaitples of its administration include oral administration 

using tablets, pills, capsules, granules, fine subtilaes, powders, 
oral solutions and the lilce and parenteral administration using 
intravenous, intramuscular, intfaarticiilar and the lilce injections, 
suppositories, percutaneous preparations, transmucosal 
preparations and the lilce. Particularly in the case of peptides 
vdiich are digested in the stomach, parenteral administration such 
as intravenous injection or the lilce is desirable. 

[109] In the solid conposition for use in the oral administration 

according to the present invention, one or more active substances 
are mixed with at least one inert diluent such as lactose, 
mannitol, glucose, microcrystalline cellulose, 



hydroxypropylcellulose, starch, polyvinyl pyrrolidone, alijminum 
magnesium silicate or the like. In the usual vsay, the cortposition 
may contain other additives than the inert diluent, such as a 
lubricant, a disintegrating agent, a stabilizing agent, a 
solubilizing or solubilization assisting agent or the like. If 
necessary, tablets or pills itay be coated with a sugar or a film 
of a gastric or enteric substance. 

[110] The liquid conposition for oral administration includes 

emulsions, solutions, suspensions, syrups and elixirs and contains 
a generally used inert diluent such as purified water or ethanol. 
In addition to the inert diluent, this composition may contain 
aioxiliary agents such as a moistening agent, a suspending agent, a 
sweetener, an aromatic agent and an antiseptic agent. 

[Ill] The injections for parenteral administration includes 

aseptic aqueous or non-aqueous solutions, suspensions and 
emulsions. Exairples of the diluent for use in the aqueous 
solutions and sxispensions include distilled water for injection, 
physiological saline and the like. Exairples of the diluent for 
use in the non-aqueous solutions and suspensions include propylene 
glycol, polyethylene glycol ; plant oil (e.g., olive oil or the 
like), alcohol (e.g., ethanol), Polysort>ate 80 and the like. Such 
a conposition may further contain a moistening agent, an 
emulsifying agent, a dispersing agent, a stabilizing agent, a 
solubilizing or solubilization assisting agent, an antiseptic and 
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the like. These corpositioris are sterilized by filtration through 
a bacteria retaining filter,- blending of a germicide or 
irradiation. Altemativeiy, they nay be used by firstly itaking 
into sterile solid conpositions and dissolving them in sterile 
v\ater or a sterile solvent for injection \ise prior to their use. 

[112] Ihe clinical dose is optionally decided by taking into 

consideration strength of activity of the active ingredient 
selected by the aforementioned screening method, syirptoms, age, 
sex and the like of each patient to be treated. 

[113] For exairple, the dose is usxoally from aloout 0.1 to 1,000 mg, 

preferably from 0.1 to 100 mg, per day per adult (as 60 kg in body 
weight) in the case of oral administration. In the case of 
parenteral administration, it is from aloout 0.01 to 1,000 mg, 
preferably from 0.01 to 100 mg, per day in the form of injections. 



Best Mode for Carzying Out the Invention 

[114] The following describes the invention more illustratively. 

[115] Unless otherwise noted, experiments were carried out in 

accordance with gene manipulation experiment manuals such as of a 
known method (Sambrook, J. et ai., ^'Molecular Cloning - A 
Laboratory Manual", Cold Spring HarlDor Laboratory, NY, 1989) and 
the like, but the invention is not limited to the Examples. 

[116] (Exairple 1) Discovery of partial sequence of a novel ADAiyrrs 

gene MDTS6 
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[117] A human brain cDNA library strictly fractionated by the size 

of insertion sequences was constructed as shown in a reference 
(Ohara 0. et al., DNA Res., 4, 53 - 59, 1997). Size distribution 
of cDNA fragments in these sub-libraries was from 3 kbp to 8 kbp. 
By deciphering 5'- and 3 '-end sequences of clones constituting 
this library, an in-hoiis^e EST data bank was constructed. A 
partial sequence of MOrS6 was obtained from this. 

[118] (Exanple 2) Determination of full-length ORF sequence of 

MDTS6 

[119] By determining sequences of MOrS6 cDasiA clones, a sequence of 

from the 832nd position to the 2853rd position of SEQ ID NO: 2 was 
obtained. The sequence of from the 1st position to the 831st 
position of SEQ ID NO: 2 was obtained by repeating RACE (Rapid 
Anplification of cDNA Ends) using human brain and human placenta 
Marathon-Ready™ cDNA manufactured Ipy Clontech as the terrplate and 
LA-Tacf^ (mfd. hy Ta]<ara Sliuzb) as the DNA polymerase. As a result, 
it was revealed tliat the full-length MDTS6 was a novel protein 
coitposed of 950 amino acids as shown in SEQ ID N0:1. Its domain 
structure was composed of a secretion signal sequence, a pro 
region, a furin protease recognition sequence, a metal lopro tease 
domain, a disintegrin domain, a tliroiribospondin type I repeat 
sequence (to be referred to as TSP-1 repeat sequence hereinafter), 
a domain rich in Cys residue, an intermediate region and two TSP-1 
repeat sequences, in order from the N-teraiinus, and it was a 



molecule belonging to the ADAMTS family (Kixno, K. et al., J. Biol. 
Chan., 272, 556 - 562, 1997; Tang, B.L, et al., FEBS Lett., US, 
223 - 225, 1999) . 

[120] (Exanple 3) Preparation of C- terminal FIiAG ac3dition type 

expression vector 

[121] An EBNAl expression unit-removed e>^ression vector pCEP4d 

was constructed by digesting pCEP4 (mfd. by Invitrogen) witli 
restriction enzymes Clal and Nsil, blunt-ending tlie resulting 
fragments and then carrying out their autonomous ligation. This 
vector was digested with restriction enzymes Nhel and BanHl and 
extracted from an agarose gel to obtain a fragment of about 7.7 
"kbp, and a double strand of oligonucleotide obtained by annealing 
a nucleic acid shown Icfy SEQ ID NO: 3 and a nucleic acid shown hy 
SEQ ID NO: 4 was inserted into the fragment to select a clone 
liaving the planned sequence which was named pCEP4d-FLAG. Using 
this vector as the tennplate and oligoDNA shown by SEQ ID NO: 5 and 
oligoDNA shown hy SEQ ID NO: 6 as primers, PGR was carried out 
using PyroBest™ DNA polymerase. The thus generated DNA fragment 
of alx>ut 0.4 Icbp was digfe^ ted with a restriction enzyme Spel and 
inserted into pCEP4d-FLAG (about 7.7 Icbp) v*iich had iDeen digested 
with -Xbal, and a clone in vdiich Xbal, JSIhel, Notl and BanHI 
recognition sequence cloning sites and FLAG tag were arranged in 
tliat order from the promoter as intended was selected, thereby 
coirpleting pCEP4dE2-FLAG. 
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[122] (Exanple 4) Construction of MDTS6 tiruncated protein 

(MDTS6TSP1) expression plasmid 

[123] A plasmid vjas constructed in tlie following manner for use in 

expressing a sequence of from the 1st position to tlie 583rd 
position of SEQ ID N0:1 (a moiety corresponding to a region 
containing tlie TSPl repeat sequence from tlie N-teraiinus of MDTS6 
(to be referred to as MDTS6TSP1 hereinafter) ) as a protein in 
vdiich FLAG vyas added to the C- terminus. 

[124] Firstly, a gene of from the 1st position to the 1749th 

position of SEQ ID NO: 2 was obtained by PGR- Using oligoDNA 
sequences represented, hy. SEQ ID NO: 7 and SEQ ID NO: 8 as primers, 
human placenta MarathofilTleady™ cDNA (mfd. hy Clontech) as the 
tennplate and LA-Tacf^ (mfd. l>y Talcara Shuzo) as DISIA polymerase, a 
cycle of 98°C for 10 seconds and 68°C for 2 minutes was repeated 10 
times after heating at 94''C for 1 minutes. Using a DNA solution 
prepared by 50 times-diluting this reaction solution as the 
tettplate and using PyroBest™ DMA polymerase, PGR was carried out 
under a condition of 94°C for 2 minutes, 40 repetitions of a cycle 
of 98°C for 10 seconds, 66°C for 30 seconds and 74°C for 4 minutes 
and subsequent 72°C for 10 minutes. The thus generated fragment 
of interest in vdiich Abal ^ recognition sequence and Kozalc sequence 
were added to the 5' side, and WotI recognition sequence to the 3' 
side, was subcloned into PCR-Blunt to confirm the sequence and 
then digested with restriction enzymes -Xbal and Notl and inserted 



into the -Xbal-iVbtl site of pCEP4dE2-'FLAG to coitplete pCEP- 
MDTS6TSP1-FLAG. 

[125] (Exairple 5) Construction of MDTSS full-length protein 

e:q>ression plasmid 
[126] A plasmid vjas constrdcted in the following manner for use in 

expressing a sequence of from the 1st position to the 950th 

position of SEQ ID N0:1 as a protein in which FLAG was added to 

the C- terminus. 

[127] Firstly, a gene of from the 1534th position to the 2850th 

position of SEQ ID NO: 2 was obtained hy PGR. Illustratively, 
xising oligoDNA sequences represented hy SEQ ID NO: 9 and SEQ ID 
NO: 10 as primers, the plasmid DNA of EST clone as the template and 
PyroBest™ DNA polymerase as DlSlA polymerase, a cycle of 98^C for 10 
seconds, 50°C for 15 seconds and 72°C for 2 minutes was repeated 20 

4 s ; J ... 'i 

times after heating at 94°C for 1 minutes, followed Toy 7 minutes 
of reaction at 72°C, In this connection, it was able to generate 
the fragment of interest by carrying out PGR using human placenta 
Marathon-Ready™ cDNA (mfd. by Clontech) as the template, instead 
of using the plasmid DNA of EST clone as the terrplate, and using 
oligoDNA sequences represented by SEQ ID NO: 9 and SEQ ID NO: 10 as 
primers under a condition of 94°C for 2 minutes, 40 repetitions of 
a cycle of 98°C for 10 seconds and 68°C for 2 minutes and 
subsequent 72°C for 7 minutes. . The thus generated fragment of 
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interest in which Notl recognition sequence was added to the 3' 
side was subcloned into PCR-Blunt to confirm the sequence and xised 
as PCRB-MDTS6-3H. 

[128] Making vise of the presence of a BairHI recognition sequence 

in a sequence of from the 1566th position to the 1571st position 
of SEQ ID NO: 2, pCEP-MDTSSTSPl-FLAG was digested with restriction 
enzymes -Xbal and BanHl, . and the thus generated DNA fragment of 
about 1.6 Wpp was connected to a DNA fragment of about 1.3 kbp 
generated by digesting pCRB-MDTS6-3H with BanHl and Notl and 
inserted into the Xbal-Notl site of pCEP4dE2-FLAG to conplete 
pCEP-MDTS6F-FLAG . 

[129] (Exaitple 6) Expression of MDTS6TSP1 and MDTSe full-length 

proteins by animal cell strain 

[130] The expression plasmid prepared in Exanple 4 using pCEP4dE2- 

FLAG as the iDacklDone was introduced into HEK293-EBNA cell (mfd. hy 
Invitrogen) using FuGENE™6 Trans fection Reagent (mfd. hy 
Boehringer Mannheim) in accordance with the attached instructions. 
After introduction of tile plasmid, the presence of the protein of 
interest in a cultxire s\:¥)ematant obtained i>y 1 to 2 days of 
culturing was confirmed hy western blotting using an antibody 
against FLAG tag added to the C-terminus (a moiase anti-FLAG 
monoclonal antilDOcSy {162; mfd. Ipy Sigma)). lhat is, the culture 
supernatant was subjected to electrophoresis using SDS/10% to 20% 
acrylamide gel (mfd. by Daiichi Pure Chemicals) and then 



46 



transferred on a PVDF membrane \ising a blotting apparatus. The 
PVDF membrane after the transfer was subjected to blocking by 
adding Block Ace {mfd. by Dainippon Phannaceutical) and then 
allowed to react with the mouse anti-FLAG monoclonal antibody (M2; 
mfd. by Sigma) and a horseradish peroxidase- labeled rabbit anti- 
mouse IgG polyclonal antibody (mfd. hy Zymed or TAGO) in that 
order. Alternatively, after the blocking, it was allowed to react 
with biotinylated M2 antibody (mfd. by Sigma) and a 
streptoavidine-horseradish peroxidase conjugate (mfd. by Amersham) 
in that order. After the reaction, e?q)ression of the protein was 
confirmed using an BCL w(^stem blotting detection system (mfd. by 
Amersham Pharmacia) (Fig. 1) . Molecular weight of the expressed 
MDTSSTSPl protein was smaller than the value calculated from the 
amino acid sequence by a factor of about 23 K. Making use of the 
fact that FLAG tag is added to the C-terminus of MDTS6TSP1 protein 
expressed by the HEK293-EBISIA cell as described in the foregoing, 
MDTS6TSP1 protein was affinity-purified by the method of Exaitple 
7-1 and then transferred on a PVDF membrane, and the N-terminal 
sequence of MDTS6TSP1 protein stained with Ponceau S was 
determined by analyzing with' Type 494 Peptide Sequencer 
manufactured by ABI. Ai'- a result:, it was shown that it starts 
from the 213th position Phe of SBQ ID N0:1 and, similar to the 
case of other ADAMTS molecules, becomes mature protein (from 213th 
position to 583rd position of SBQ ID N0:1) by being cleaved at the 
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furin protease recognition sequence existing between the pro 
region and metalloprotease domain. Also, the MDTSe full-length 
protein was obtained in the same manner as the case of the above 
MDTS6TSP1 protein expression using the expression plasmid obtained 
in Exanple 5, and similar to the case of MDTS6TSP1, it was 
confirmed that it becomes mature protein (from 213th position to 
950th position of SEQ ID N0:1) by being cleaved at the furin 
protease recognition sequence existing between the pro region and 
metalloprotease domain. 
[131] (Exanple 7) Detection of enzyme activity of MDTS6TSP1 

protein e^q^ressed in animal cell host 
[132] (Exanple 7-1) Preparation of recoinbinant aggrecan G1G2 

[133] Using oligoDNA sequences represented hy SEQ ID NO: 11 and SEQ 

ID NO: 12 synthesized l>ased on the r^rted gene sequence of human 
aggrecan (Doege K. et ai., Biochem. Soc. Trans,, IS, 200 - 202, 
1990) as primers, human placenta Marathon-Ready™ cDNA as the 
tenplate and PyroBest™ DNA polymerase as DNA polymerase, the 
reaction of 94°C for 1 minute, 40 repetitions of a cycle of 98°C 
for 10 seconds and 68°C for 2 minutes, and subsequent 68*^C for 7 
minutes was carried out. The thus generated DNA fragment was 
digested with a restriction enzyme BairHl and inserted into the 
BanHl site of pCEP-SigFla, thereby conpleting an expression 
plasmid pCEP-rAgg for use . in the expression of a protein in v\*iich 
FLAG tag is added to the N- terminus, and His tag to the C-tentdnus, 
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of the globular domain 1 (Gl) -globular domain 2 {G2) of hxjman 
aggrecan. The pCEP-SigFla is an e>q)ression vector v^iich is 
prepared by introducing double strand of the oligoDNA sequences 
represented by SEQ ID NO: 13 and SEQ ID NO: 14 into the Hii2dIII--XhoI 
site of pCEP4d and has the influenza virus hemagglutinin secretion 
signal sequence described in the report (Guan X-M. et al., J. Biol. 
Chem., 267, 21995 - 21998, 1992), FLAG tag and BairHL recognition 
sequence in that order downstream of the promoter. 

[134] liie plasmid pCEP-rAgg ms introduced into HEK293-EBNA cell 

v\diich vyas subsequently cultured for 3 to 7 days, thereby effecting 
egression and production of the protein of interest. 
Purification of the protein of interest from the culture 
supernatant was carried out by an affinity purification making use 
of the addition of FLAG tag to the N-tentdnus. That is, the 
culture supernatant was applied to iyi2 -agarose (mfd. by Sigma) 
packed in a column, washed with 20 mM Tris-HCl (pH 7.4) /150 itiM 
NaCl (to be referred' to as TBS hereinafter), eluted and 
fractionated with 0,1 M Gly-HCl (pH 3.0) and immediately 
neutralized with 1 M Tris-HCl (pH 8.0) . 

[135] (Exaitple 7-2) Detection of recombinant aggrecan G1G2 

degrading activity of MDTS6TSP1 protein 

[136] In Exanple 6, the medium 12 to 16 hours after introduction 

of the expression plasmid was replaced by a serum-free medium, and 
the culturing was continued for 32 to 36 hours to recover the 
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culture supernatant. This culture supernatant was mixed with the 
recombinant aggrecan prepared in the foregoing, and the mixture 
was allowed to undergo the reaction at 37°C oveinight, s\±>jected 
to SDS-PAGE, transferred on a PVDF membrane and blocked by the 
method described in Exanple 6 and then allowed to react with an 
anti-Hisx6 polyclonal antibody (sc-803; mfd, by Santa Cruz 
Biotechnology) and a horseradish peroxidase- labeled goat anti- 
rabbit igG polyclonal antibody (mfd. by BML) in that order. After 
the reaction, the recombinant aggrecan was detected using an ECL 
western blotting system (mfd. by Amersham Pharmacia) . As a result, 
degraded fragment of the recombinant aggrecan, v\*iich was not found 
in the control in which only the expression plasmid was introduced, 
was detected (Fig. 2) . 
[137] (Exairple 7-3) Analysis by anti-aggrecanase neoepitope 

antibody 

[138] Aggrecanase is a metal lopro tease which selectively cleaves 

aggrecan at the site loetween Glu-^^^-Ala^^^ . An antiloody capable of 
recognizing a C-side neoepitope generated hy this cleavage was 
prepared in accordance' with a usual method by repeating 
immunization of mouse with a conjugate of the synthetic peptide 
represented by SEQ ID NO: 32 and KLH, 5 times. A PVDF menribrane 
after transfer and blocking carried out in the same manner as in 
Example 7-2 was allowed to react with this antibody, allowed to 
react with a peroxidase- labeled goat anti-mouse IgG polyclonal 
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antibody (mfd. by Tago) . then detected using an ECL western 
blotting detection system (mfd. by Amersham Pharmacia) . As a 
result, the degraded product , of recombinant aggrecan generated by 
MDTS6 reacted with the anti-aggrecanase neoepitope antibody, and 
molecular weight of the detected band is consistent with the 
molecular weight of the degraded product detected in Exanple 7-2 
(Fig. 3) . The same result was obtained by the BC-3 antibody vfliich 
recognizes aggrecanase neoepitope (Hughes C.E. et al., Biochemical 
J., 305, 799 - 804, 1995) . 
[139] (Example 8) Expression induction of MDTS6 mRMA by IL-1 

[140] It is ]aiown that a mouse cell strain ATDC5 is differentiated 

into a chondrocyte-lilce:' cell by insulin treatment (Ats\jmi T. et 
al., Cell Differ. Dev.;"'30, 109 - 116, 1990). The ATDC5 cells 
were inoculated in 4 x 10^/well portions into an I type collagen- 
coated 6 well plate (mfd- hy AsaJii Technoglass) and cultured for 2 
days using DMEM/HamFl2 (1:1) /5% FCS medium, the medium was clianged 
to DyiEiyi/HamFl2 ( 1 : 1 ) / 5% FCS medium containing insulin ( final 
concentration 30 ng/ml) and 50 |ig/ml of L-ascorbic acid and the 
culturing was continued for 5 days, and then the resulting cells 
were treated for 0, 1, 2, 4 or 8 hours by adding IL-lp (final 
concentration 5 ng/ml) . Total RNA was prepared from each of the 
treated groups using ISOGEN (mfd. by Nippon Gene) , and RT-PCR was 
carried out using 1 |xg portion thereof as the tertplate and vising 
BcaBEST™ PNA PGR Kit (mfd. by TaJcara Shuzo) . The reverse 

51 



transcription reaction v\as carried out using Oligo dT-Ac3aptor 
Primer as the primer in accordance with the attached instructions, 
and PGR was carried out using oligoDNA sequences represented by 
SEQ ID NO: 15 and SBQ ID NO: 16 as primers, vdiich had been 
synthesized based on the 3' non- translation region of MDTS6, by 
the reaction of 94°C for 2 minutes, 40 repetitions of a cycle of 
94°C for 30 seconds, 60°C for 30 seconds and 72°C for 30 seconds, 
and subsequent 72°C for 7 minutes. The reaction solution was 
subjected to electrophoresis with 1% agarose, and densities of the 
thus generated bands of about 0.3 kbp were compared. As a result, 
it was found that expression of the MDTS6 mRNA is transiently 
induced by IL-1 (Fig. 4) . 
[141] (Exanple 9) Degradation of natural type aggrecan by MDTS6 

[142] (Exaitple 9-1) Expression of various full-length MDTS6 

proteins and their recoiiribinant aggrecan G1G2 degrading activity 
[143] The expression plasmid constructed using pCEP4dE2-FLAG as 

the bacldx>ne was introduced into HEK293-EBNA cell (mfd. l>y 
Invitrogen) using FuGEISIE™6 Transfection Reagent (mfd. by 
Boeliringer Mannheim) in accordance with the attached instructions. 
After introduction of the plasmid, the resulting cells were 
cultured overnight and washed with PBS buffer, and then the medim 
was clianged to a serum-free medium and the culturing was continued 
for 2 to 3 days. The resulting culture broth was centrifuged at 
9,000 rpm for 10 minutes,; and the supernatant was used as the 
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enzyme source of MDTS6, In this case, in addition to the 
expression plasmids described in Exartple 4 and Exairple 5, 
expression plasndds for three proteins, namely a protein in which 
the polypeptide represented by SEQ ID NO: 33 was added to the C- 
terminus of the amino acids of from the 1st position to the 447th 
position of SEQ ID N0:1 (to be referred to as MDTSePro 
hereinafter) , a protein in vdiich the polypeptide represented by 
SEQ ID NO: 33 was added to the C- terminus of the amino acids of 
from the 1st position to the 518th position of SEQ ID N0:1 (to be 
referred to as MDTS6Dis hereinafter) and a protein in vdiich the 
polypeptide represented by SEQ ID NO: 33 was added to the C- 
terminus of the amino acids of from the 1st position to the 687th 
position of SEQ ID N0:1 (to be referred to as MDTS6Cys 
hereinafter) , were designed as expression plasmids for respective 
full-length MDTS6 proteins. That is, the MDTSeCys expression 
plasmid was constructed lay airplifying a gene by PGR using the 
full-length protein ejqpression plasmid constructed in Exaitple 5 as 
the tenplate and the oligoDlSIA sequences represented by SEQ ID NO: 7 
and SEQ ID NO: 17 as primeris ' and using PyroBest DMA polymerase, 
digesting the gene with restriction enzymes Xbal and Notl, and 
then inserting the resulting fragment into the Xbal-Notl site of 
pCEP4dE2-FLAG. Also, the MDTSSPro expression plasmid and the 
MDTS6Dis ejqjression plasmid were constructed in the same manner as 
the plasmid prepared using the MDTSSCys, illustratively, by 



53 



digesting respective genes ainplified by PGR using PyroBest DNA 
polymerase with restriction enzymes Xbal and Notl, and then 
inserting the resulting fragments into the Xbal-Notl site of 
pCEP4dE2-FLAG. Provided that the oligoDNA represented by SEQ ID 
NO: 7 and the oligoDNA represented by SEQ ID NO: 34 were used in the 
case of the MDrS6Pro, and a combination of the oligoDNA 
represented by SEQ ID NO : 7 . and the oligoDNA represented by SEQ ID 
NO: 35 was used in the case of the MDTSGdis, respectively. 
[144] Regarding protein esq^ression of these respective MDTS6 

proteins (MDTSSCys, MDTSePro and MDTS6Dis) , they were expressed in 
the same manner as the expression of MDTS6TSP1 and MDTS6 full- 
length proteins in an ariiirial' cell strain described in (Example 6) . 
When the aggrecanase activity of these respective MDTS 6 proteins 
was examined by the method of Example 7-3, the aggrecanase 
activity was detected in the culture supernatant in vdiich MDTS6Cys 
was expressed, but the aggrecanase activity was not detected in 
the culture supematants in vdiich MDTS6Pro and MDTS6Dis were 
expressed. In this connection, molecular weight of the expressed 
main protein was smaller than the value calculated from the amino 
acid sequence by a factor of about 23 K and, similar to the case 
of MDTSeTSPl described in Exanple 6, it was mature protein in 
vstiich the pro region was cleaved and removed at the fxirin protease 
recognition sequence. As a result, it was revealed that the first 
TSP-1 repeat sequence counting from the N-tentdnus is essential 
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for exerting the aggrecanase activity of MDTS6. 
[145] (Exanple 9-2) Degradation of natioral type aggrecan 

[146] A 90 )Lil portion of the MDTS6 enzyme solution prepared in 

Exanple 9-1 was mixed . ,with a solution of 10 |ig natural type 
aggrecan (mfd. hy SeilcagaJoi Kogyo)/10 |xl TBS in a test tube and 
allovy/ed to undergo the reaction at 3TC overnight. This reaction 
product was dried up using SpeedVac and then dissolved in 100 jil 
of 10 irtM Tris-acetate buffer (pH 7.6) containing 0.06 unit of 
Chondroitinase ABC (mfd. by SeikagaJcu Kogyo) , 0.024 unit of 
Iceratanase I (mfd. Toy SeiJcagaku Kogyo) , 0.0004 unit of keratanase 
II (mfd. l>y SeiJcagalcu Kogyo) , 5 |jM of PMSF and 10 mM of EDTA, and 
the solution was allowed. to undergo the reaction at 37^C overnight. 
A portion of ttiis reaction solution was subjected to SDS-PAGE and 
then the product was detected using the mouse anti-aggrecanase 
neoepitope antilDody as shown in Exanple 7^3. In this case, the 
peroxidase-labeled goat anti-mouse IgG polyclonal antibody used 
was a preparation manufactured Ipy Biosource. The same result was 
obtained hy the BC-3 antilx>dy which recognizes aggrecanase 
neoepitope (Hughes C.E. et al., Biochemical J., 305, 799 - 804, 
1995) . 

[147] As a result, a l^and of 80 to 90 KDa was detected in the case 

of MDTSeCys in addition to a l>and of about 150 KDa. This 
degradation pattern is '. ,t:onsistent with the pattern of main 
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moleciiles (all generated by aggrecanase degraciation) found in the 
joint synovial fluids of patients of joint diseases including OA 
and RA (SancJ/ J.D. at al., J. Clin. Invest., 89, 1512 - 1516, 
1992; Lohmander L.S. et al., Arthritis Rhevm. , 36, 1214 - 1222, 
1993) and also is consistent with the pattern of main molecules 
having aggrecanase neoepitppe vydiich are generated after 12 to 24 
hours of treatment . with JL-1 and retinoic acid in an explant 
culture system of human knee joint cartilage (Little C.B. et al., 
Biochemical J., 344, 61 - 68, 1999) (Fig. 5). 

[148] (Exairple 10) Screening system o£ substances modify the 

aggrecanase activity 

[149] (Exairple 10-1) Preparation of MDTSSCys and substrate 

[150] It was confirmed using the western blotting method shown in 

Exanple 9-2 ttiat the recombinant aggrecan G1G2 and the natural 
type aggrecan are cleaved off at the site iDetween Glu^^^-Ala^^^ (to 
iDe referred to as "aggrecanase site" hereinafter") hy MDTSeCys 
without purification but as the culture supernatant prepared hy 
the method of Exairple 9-1. Also, the cleavage at the "aggrecanase 
site" was observed vAien the cultioring in Exaitple 9-1 was continued 
with the 10% FBS-containing medium without clianging to the serum- 
free medium- Accordingly, the recombinant aggrecan G1G2 prepared 
in Exaitple 7-1 was used as the substrate - 

[151] (Exaitple 10-2) Screening system 

[152] Though the screening can iDe carried out t>y the western 
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blot ting-aided method shown in Exaitple 7-2 losing the recoitibinant 
aggrecan or natural type aggrecan as the sxjbstrate, the following 
ELISA system was constructed for screening more larger number of 
coitpounds to be tested. 
[153] An MDTSeCys cultiore supernatant, the recombinant aggrecan 

G1G2 and a conpound to be tested were mixed and allowed to undergo 
the reaction at 37°C for several hours, the resulting product was 
adhered to a 96 well plate (Nunc-Immmo™ Plate MaxiSorp™ Surface 
# 439454; mfd. by Nunc) :blocked with 1% BSA/TBS solution and then 
allowed to react with a mouse ,anti-aggrecanase neoepitope antibody 
and an HRP-anti-mouse igG antibody conjugate (mfd. by Biosource) 
in that order, and then the detection was carried out using TMB 
Peroxidase EIA Substrate Kit (mfd. by Bio-Rad) \jnder the 
conditions described in the attached instructions to calculate the 
aggrecanase activity inhibiting strength of the conpound to be 
tested using the coloring inhibition as a marker. Also, as a 
modified method thereof, the recombinant aggrecan was adhered to 
the 96 well plate (mfd. by Nunc) and blocked with 1% BSA/TBS 
solution in advance and then an MDTSGCys culture supernatant and a 
conpound to be tes ted . were . added thereto and allowed to undergo 
the reaction at 3TC for several hours, the resulting product was 
allowed to react with a mouse ant i -aggrecanase neoepitope antibody 
and an HRP-anti-moTise IgG antibody conjugate (mfd. by Biosource) 
in that order, and then the detection was carried out using TMB 
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Peroxidase EIA Sxibstrate Kit (mfd. by Bio-Rad) to calculate the 
aggrecanase activity inhibiting strength of the conpound to be 
tested using the coloring inhibition as a marker. The criterion 
to screen a substance which inhibits the aggrecanase activity is 
preferably 10 ^iM or less, more preferably 1.0 |jM or less, as 
inhibition activity strength (IC50) . 

[154] By this screening system, it was able to select the 

aforementioned conpound A, coitpound B, compound C and compound D. 
Hie aggrecanase activity inhibition strength (IC50) v^as 0.6 |jM for 
the conpoiKid A, 1.0 |jM for the compound B, 2.9 |jM for the coitpound 
C and 2.7 |jM for the coirpound D. 

[155] In ttiis connection, the conpound A, coitpoxond B, coitpound C 

and compound D were synthesized in the same manner as the 
production method described in PCT publication nuirilDer WD 90/05719. 
The mass spectrum of respective coirpounds is as follows. The 
conpound A is MS = 426 (MH") , the coitpound B is MS = 396 (MH^) , the 
conpound C is MS = 502 (MH") and the coirpomd D is MS = 440 (MH"") . 

[156] (Example 11) 

[157] (Exanple 11-1) Preparation of rabbit Irnee joint cartilage 

primary culture cells 

[158] After Icilling a rabbit (Japanese v\*iite species, male, 1.0 to 

1.5 leg) mder excess anesthesia, a Icnee joint was excised and the 
cartilage layer on the ■■jbirit • surface was removed and finely cut 
using a surgical leiife. The cut pieces were treated with trypsin- 
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EDTA (0.25%-l nM; mfd. by GIBCO-BRL) at 37°C for 1 hour and then 
centrifuged at 1,500 rpm for 5 ndnutes, and the resulting 
precipitate was v\ashed with DMEM. This was treated with 
collagenase A (0.15%; Boehringer-Mannheim) /DMEM at 3TC for 3 to 4 
hours, and then a nylon mesh filter (100 |jm, mfd. by Falcon) - 
passed fraction was centrifuged at 1,500 rpm for 5 minutes to 
effect precipitation of cartilage cells. The cells were 
thoroughly washed with DiyiEM/10% FBS medium, suspended in DMEM/10% 
FBS medium to a density of 2 x 10^ cells/ml and then inoculated in 
200 |al/well portions into an I type collagen-coated 96 well plate 
{mfd. by Asahi Technoglass) . Three days thereafter, the medium 
was changed to 200 |iil of rMEiyi/10% FBS medium containing 50 jig/ml 
of ascorbic acid (ascorbic acid medium hereinafter) , and the 
culturing was continued for 3 days. When an I type collagen- 
coated 6 well plate (Asahi Technoglass) was used, the cell 
suspension was inoculated in 6 ml /well portions and cultured by 
carrying out the same medium exchange. These cells were used in 
the following test. 

[159] (Exanple 11-2) Proteoglycan degradation of rabbit knee joint 

cartilage primary culture cells 

[160] The rabbit leiee joint cartilage primary culture cells of 96 

well plate descrilDed in Exanple 11-1 were cultured for 2 days 
using 200 |il of the ascorbic acid medium supplemented with 10 
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)aCi/ml in final concentration of Na2 SO4 and labeled therewith, 
washed 3 times with 200 |iil of the ascorbic acid medium and then 
cultxared for 1 day using 200 jil of the ascorbic acid medium. 
After stimulation with IL-ip or all-trans retinoic acid and 
subsequent 0, 24, and 48 hours of culturing, the cultxore 
supematants were recovered in 20 jxl portions, and the 
radioactivity was measured using Top Count (mfd. by Packard) . As 
a result, increase in the radioactivity, namely release of 
proteoglycan, was observed by 0.01 to 10 ng/ml of iL-ip 
stimulation, and increase in the concentration-dependent and 
strong radioactivity, namely release of proteoglycan, was observed 
by 0.1 to 10 )jM of all-trans retinoic acid stimulation (Fig. 6) . 
[161] (Exarnple 11-3) Induction of MDTSS mRNA expression 

[162] After 3 days of culturing of the rabbit >aiee joint cartilage 

primary culture cells of 6 well plate descrilDed in Example 11-1 hy 
changing the medium to ascorbic acid medium, 10 ng/ml of IL-ip or 
10 of all- trans retinoic acid was added thereto, and total RNA 
sairples 2 and 6 hours thereafter were prepared using ISOGEN (mfd. 
hy Nippon Gene) in accordance with the attached instructions. 
Each of the samples was treated with DNase I (mfd. by Nippon Gene) , 
Slab jec ted to phenol /cliloroform treatment and then recovered by 
ettianol precipitation, and the thus purified total RNA was 
dissolved in DEPC- treated sterile water. Using random hexamers as 
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primers, 1 fig of this . total RNA was subjected to reverse 
transcription reaction and, RNase H treatment using ihermoscript™ 
RT-PCR Systan (mfd. by GIBOD-BRL, catalog nuitiber 11146-016) in 
accordance with the attached instructions, and the product was 
diluted 10 times with sterile water and used as a cDNA saitple. 
Using 5 |il of each of the thus obtained cDNA samples as the 
teitplate and the oligoDNA sequences represented by SEQ ID NO: 18 
and SEQ ID NO: 19 as primers, PGR was carried out under a condition 
of 94°C for 2 minutes, 45 repetitions of a cycle of 94°C for 30 
seconds, 65°C for 30 seconds and 72°C for 30 seconds, and 
s\±>sequent 72°C for 10 minutes. The reaction products were 
subjected to 2% agarose 'electrophoresis, and densities of the 
generated DNA fragments were compared. As a result, expression of 
the MDTS6 mRNA was induced by IL-ip and all-trans retinoic acid, 
and the expression strength correlated with the degree of 
proteoglycan degradation described in Exaitple 11-2 (Fig. 7) . 

[163] (Exanple 12) Inhibition of proteoglycan degradation in 

rabbit knee joint cartilage primary culture cells by substances 
vdiich inhibit the aggrecanase activity 

[164] Each of the cortpoionds A, B, C and D selected l^y the 

screening system of Example 10-2 was added to the proteoglycan 
degradation system of r^i±)xt knee joint cartilage primary culture 
cells just iDefore the stimulation with 10 |jM of all-trans retinoic 
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acid, and their proteoglycan degradation inhibitory activities 
vy/ere examined! As a result, the cortpomds A and B showed the 
inhibition of proteoglycan degradation in a concentration- 
dependent itianner (Fig. 8). "The proteoglycan degradation 
ixihibition action (IC50)/ pf the compounds C and D vyas 6.3 jjM for 
the coirpomd C and 4.1 |jM for the coirpound D. On the other hand, 
the proteoglycan degradation inhibition action was not observed by 
conpounds \A?hich have the same hydroxamic acid backbone but show a 
weak aggrecanase activity inhibition, even at a concentration of 

100 MM. 

[165] (Exanple 13) Analysis of iyiDTS6 promoter region DNA sequence 

[166] A DMA fragment corresponding to the promoter region of MDTS6 

was amplified using PGR from GenomeWalker DNA Sea I Libraries 
(Genome Walker™ Kits, CLONTECH catalog nxmber K1803-1) . OligoDNA 
sequences of the adapter primers AP-1 (SEQ ID NO: 20) and AP-2 (SEQ 
ID NO: 21) attached to the kit were used as forward primers, and 
the OligoDNA sequences of SEQ ID NO: 22 and SEQ ID NO: 23 as reverse 
primers. The illijistrative method was as descriloed in the 
instructions attached to the kit, but TAKARA LA Taq (TAKARA LA 
Tacf", catalog number RR002A) was used in the PGR. 'Vhe first PGR 
was carried out using the oligoDNA sequences of SEQ ID NO: 20 and 
SEQ ID NO: 22 as primers under a condition of 7 repetitions of a 
cycle of 98°G for 5 seconds and 72°C for 3 minutes, 32 repetitions 
of a cycle of SB^'C for 5 'seconds and 67°G for 3 minutes, and 67''G. 
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for 4 minutes. The second PGR was carried out under the same 
conditions using 5 [xl of a solution prepared by diluting the 
reaction solution of the first reaction 50 times with TE buffer 
(10 mM Tris-HCl, 1 itiM EDTA, pH 8.0) as the tenplate, and the 
oligoDNA sequences of SBQ ID NO: 21 and SBQ ID NO: 23 as primers. 
When the thus amplified DNA fragment of about 3.7 kbp was directly 
subjected to sequence analysis by dideoxy terminator method using 
ABI377 DNA Sequencer (Applied Biosystems Inc.), DMA sequences of 
about 2.2 kbp, 0.36 kbp and 0.8 Wop divided by two un-decipherable 
gaps were found. 

[167] Next, in order to decipher sequences of these two gap 

moieties v\diich were unable to decipher by the direct analysis of 
the PCR-anplified DMA fragment, this DNA fragment was siix:loned 
and the DNA nucleotide sequence was determined. As a result, 
sequences of the gap moieties were different in the determined 8 
clones (SEQ ID NOs:24, 25, 26, 27, 28, 29, 30 and 31), so that the 
presence of gene polymorphism was suggested. In this connection, 
pZErO™-2 vector (Zer6^ ;".Background/Kan Cloning Kit, mfd. by 
Invitrogen, catalog number K2600-01) was used as the cloning 
vector, and the subcloning was carried out in accordance with the 
attached instructions. 

[168] A plasmid prepared by inserting the above DNA fragment into 

the Kpnl-Xhol site of a reporter plasmid pGV-B2 (mfd. hy Toyo Ink) 
was introduced into HEK293 cell tising FuGene-6, and the lucif erase 
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activity after 28 or 48- hours of culturing under usual culturing 
conditions vyas measxired using PicaGene coloring kit (mfd. by Toyo 
Ink, catalog number PGK-LlOO) , In this case, the measured value 
was normalized by the activity value of p-gal e55)ressed by a 
simultaneously introduced ' P-gal expression plasmid pCHllO 
(Amersham Pharmacia Biotech, catalog number 27-4508-01) . The P- 
gal activity was measured using Galacto-Light Plus Kit (mfd. by 
TROPIX, catalog number BL300P) . As a result, distinct increase in 
the lucif erase activity vdiich cannot be found in the original 
plasmid pGV-B2 was observed. This result indicates that the 
promoter activity is presdfit in the above DNA fragment. 

[169] (Example 14) Expression of MDTS6 in joint tissue of 

osteoarthritis patient 

[170] Total FNA was prepared from an affected part of a knee joint 

cartilage of an osteoartihritis patient (Adams M.E. et al., Anal. 
Biodiem., 202, 89 - 95, 1992), and the presence of MDTS6 mRNA was 
confirmed Toy cari?/ing out RT-PCR using this as the tenplate in 
accordance with Example 11-3. Also, the presence of MDTS6 protein 
in synovial membrane and macrophage was confirmed hy carrying out 
imtnunological tissue staining using a mouse anti-human MDTSG- 
specific polyclonal antiSbiay. 

[171] In this connection, the mouse anti-human MDTS6-specific 

polyclonal antibody was prepared in the following manner. Firstly, 
the MDTS6TSP1 protein prepared in Exanple 6 was conjugated with 
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KLH, and mice were immunized with this 4 to 5 times to obtain an 
antiserum sairple. Next, IgG was prepared from this antiserum 
using Protein G Sepharose 4 Fast Flow (mfd. by Amersham Pharmacia 
Biotech) in accordance with the attached instructions. Next, a 
column in which the human MDTS6TSP1 protein was fixed to CNBr- 
activated Sepharose 4 Fast Flow (mfd. by Amersham Pharmacia 
Biotech) was prepared in accordance with the attached instructions. 
Thereafter, a fraction was prepared vAiich binds to this column but 
does not bind to a column immobilized with human ADAMTS4TSP1 
protein (aggrecanase-1; Tortorella M.D. etal.. Science, 284, 1664 
- 1666, 1999), METH-lTSPl protein (Vazquez F. at al., J. Biol. 
Chem., 274, 23349 - 57, 1999) or METH-2TSP1 protein (Vazquez F. et 
al., J". Biol. Chem., 21 Ay 23349 - 67, 1999). 

Iiidustrial Applicability 

[172] Ihe ''joint disease aggrecanase" obtained by the invention is 

characterized in that it can be used for the screening of a 
substance which significantly inhibits the aggrecanase (a conpound, 
a peptide, an antibody or an antibody fragment) , because it has an 
aggrecanase activity. Regarding the medicinal use of the 
substance vAiich significantly inhibits the "joint disease 
aggrecanase", it is suggested that it is effective in preventing 
and treating diseases which are caiised by abnormalities (e.g., 
acceleration, reduction, degeneration and the like) of the 
aggrecanase activity or in vdiich the abnormalities are expressed 
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to cause coitplications, particularly joint diseases as diseases 
^A*iich show acceleration of proteoglycan degradation, most 
particularly osteoarthritis. 

Also, the promoter gene of the joint disease aggrecanase" 
of the invention is characterized in that it can be used for the 
screening of a substance v*iich inhibits promoter activity of the 
gene (a coitpDund, a peptide, an antibody or an antibody fragment) . 
As the use of the substance v*iich inhibits the promoter activity, 
it is suggested that it is effective in preventing and treating 
diseases caused by inhibition of the promoter activity, 
particularly joint diseases as diseases vdiich show acceleration of 
proteoglycan degradation, most particularly osteoarthritis. In 
addition, since two or more mutants are present in the promoter 
gene, they can be used for their correlation analysis with these 
diseases . 
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